circulation followed by formation of a local thrombus. One of his patients was a woman, aged 70, and he attributes the sudden loss of sight to arterial degeneration.
Loring's and Priestley Smith's views were later fully confirmed when the ophthalmoscopic appearances in arteriosclerosis were made more known as a result of the great work of Raehlmann and Marcus Gunn in 1889 and 1891, and also following the anatomical and pathological studies of Clemens Harms in Germany and George Coats in England.
In 1906, George Coats described in the Ophthalmic Hospital Reports, 24 published cases of obstruction of the central artery of the retina in which a pathological examination had been made. He concludes by saying that " From the clinical and pathological standpoints, a strong case has been made out for endarteritis as the cause of obstruction in many instances. Thrombosis must, no doubt, be reckoned as a very important factor in these cases, but it is not a primary factor, and, so far as the pathological evidence goes, does not occur as a causal agent except in association with disease of the vessel wall."
He does not deny that, in certain cases, embolism furnishes the explanation. This view was being shared by Haab and his pupils, Reimar, Nettleship, and many others.
In 1912, Harms published in von Graefe's Archives an account of 25 cases of bilateral loss of sight from obstruction of the central artery of the retina. In the following year, the views of the English ophthalmologists were crystallized at a "Discussion on vascular and other retinal changes in association with general disease," held at the Ophthalmological Society of the United Kingdom.
Coats gave a full account of the pathological changes which occur in the central vessels of the retina. There is very little to be added, in view of our present knowledge, to the pathological interpretations of endarteritis of retinal vessels, as given by George Coats in 1913 . He then made his well-known statement that, in endarteritis of the retinal vessels, it seemed to be almost a matter of chance whether the thrombosis which put the finishing touches to the process occurred in the half-occluded artery or in the vein. James Taylor, who opened the discussion, stated that, "in view of the pathological research, it has been proved beyond doubt that obliterative endarteritis, with or without thrombosis, can produce a sudden obstruction of the central artery or of any of its branches, and that this form of obstruction is a much more likely event than embolism."
It was surprising,' therefore, that Leber, writing in Graefe-Saemisch's " Textbook of ophthalmology," in 1915, stated that, in his opinion, 70% of all cases of obstruction of the central artery of the retina were due to embolism associated with the disease of the heart and large blood-vessels. Leber's views, which were based on the analysis of old cases reported by Fisher from Giessen in 1892, influenced the opinions of ophthalmologists to such an extent that the old name of embolism of the central artery of the retina, which term is incorrect clinically and pathologically, is still used in standard up-to-date English textbooks, and the better name of obstruction or occlusion of the central artery of the retina has been discarded. ANGIOSPASM
The view that spasm of the retinal arteries is responsible for attacks of temporary total or partial blindness, was first brought forward, in 1874, by Raynaud, who then described acute retinal arterial spasm occurring in a patient suffering from the disease which now bears Raynaud's name.
This observation has, for many years, caused a great deal of discussion. Since 1874 many observers have reported cases in which, after many attacks of transient blindness, the patients developed total blindness with optic atrophy. In 1898 Elshnig carefully described a case of sudden blindness in both eyes in a man suffering from lead poisoning. Elshnig watched for several days the spastic contraction of the retinal arteries. A number of observers, watching cases of migraine, reported contraction of the retinal artery and its branches. Ophthalmoscopic observations were also reported in cases of epilepsy; at the height of the attack, contraction of the retinal arteries, pallor of the retina and pallor of the disc was observed. These changes in the fundus disappeared after several hours or a day.
Prie'stley Smith, in the discussion in 1913 by the Ophthalmological Society, suggested that prolonged spasm of the retinal arteries is responsible, in some cases, for partial or total permanent blindness. On the other hand, Foster Moore, in 1916, discussing the pathology of obstruction of the central artery of the retina, said that " it seems very unlikely that a highly diseased vessel should be capable of spasm." Since that date a great deal of experimental and clinical evidence has been brought forward to prove the existence of angiospasm of retinal arteries.
Cohen and Bothman claim to have proved conclusively, in 1927, that the retinal, choroidal and ciliary arteries are supplied with vasoconstrictor fibres which run in the cervical sympathetic. These have been demonstrated by the injection of adrenaline, which causes a marked vasoconstriction of all three sets of arteries, and, what is more conclusive, stimulation of the pure sympathetic nerve in both rabbits and dogs produces a marked vasoconstriction in all three sets of arteries. Redslob repeated many of these experiments with the same results.
Mylius, in 1928, published an account of ophthalmoscopic observations in eclampsia and pre-eclampsia and in polycythmemia, together with photographs in which he describes spasmodic contractions proceeding in peristaltic form along the arteries, and producing marked and irregular narrowing and even complete emptying of the blood in one or more of the arterial branches extending over short or longer distances.
Abadie, Wagener, Gipner, and many others, have reported clinical and ophthalmoscopic observations on angiospasm producing transient and permanent blindness.
In view of all this evidence, one must accept angiospasm as a contributory cause in many cases of occlusion of the central artery of the retina and its branches.
CLINICAL INVESTIGATION
The clinical investigation of the following group of patients was carried out at the Royal Eye Hospital, London. On searching the records of the patients for the last six years, I found that 54 patients were treated who were suffering from occlusion of the central artery of the retina or its branches. I wrote to those patients, and recently I was able to examine 27 of them. Information was received that 14 patients had died; the remaining 13 patients could not be traced.
The first Retinal arteriosclerosis.--The majority of the patients showed evidence of retinal arteriosclerosis in the non-affected eye. There was, however, a group of patients who showed no arteriosclerotic changes in the non-affected eye.
Occlusion of a branch of the artery.-Among the 27 patients who are now alive 296 and were very carefully examined, I found that the superior temporal branch only was occluded in three patients. In five cases the superior temporal was occluded, together with the superior nasal branch and macular branch.
In patients who had no perception of light in the affected eye and complete optic atrophy, it was noticed that the occlusion of the retinal arteries was always more marked in the superior branches, and also in the macular branch. It seems that the superior branches are more vulnerable to the process of occlusion. In the study of thrombosis of the retinal vein and its tributaries, Foster Moore, in 1924, pointed out that the superior temporal vein is thrombosed three times as frequently as the lower branch, and suggested that the fact that arteriovenous crossings are more common in the upper temporal region of the retina accounts for the greater frequency of thrombosis of the superior temporal vein.
I cannot offer any anatomical explanation for the more frequent irnvolvement of the superior temporal branch of the retinal artery.
Occlusion of the artery with an associated thrombosis of the vein.-In two patients, occlusion of a branch of the retinal artery occurred together with a thrombosis of a tributary of the retinal vein. In one patient, thrombosis of the retinal vein occurred in the right eye twenty-one years after loss of sight in the left eye as a result of occlusion of the retinal artery.
In only one of these patients, who had an associated thrombosis of the vein with an occlusion of the artery, was there any rise of intra-ocular pressure and development of secondary glaucoma. All other patients suffering from occlusion of retinal arteries did not develop any rise of intra-ocular tension.
It is interesting to note that, in the same period of years (1931) (1932) (1933) (1934) (1935) (1936) , there were 205 patients attended to in the Out-patients Department of the Royal Eye Hospital who were diagnosed to be suffering from thrombosis of the central retinal vein or its tributaries. It was George Coats who first pointed out that it is a matter of chance whether the thrombosis occurred in the half-occluded artery or vein, but this chance occurs four times as frequently in the retinal veins as it does in the retinal arteries.
PFields of vision.-The more frequent occlusion of the temporal branch accounts for the corresponding loss of the nasal field (often sector shaped) in patients with branch occlusion of the artery. It was also noticed that, in patients who only had perception of light in the affected eye, the perception was only appreciated in the temporal field (from the nasal part of the retina). This was also noticed by Fisher and Coats in 1905. Coats suggested a satisfactory explanation, namely that the capillary anastomosis between the ciliary and retinal vessel systems in this region is capable of keeping up the nutrition of a small zone of retina in the immediate vicinity of the disc.
Pathology of occlusion.-Summarizing all these facts, one is driven to the following conclusions:-
(1) Occlusion of the central artery of the retina or its branches occurs very rarely (10% of all cases) in young people, and in such cases is the result of valvular disease of the heart. True embolism of the retinal artery mav be the pathological explanation of these cases. In 90% of all the cases, the condition occurred after the age of 50, and was not associated with valvular disease of the heart or gross disease (aneurysm) of the larger arteries. Most of these cases showed ophthalmoscopic evidence of endarteritis of the retinal vessels. It is therefore obvious that the sudden loss of sight had only followed a slow and gradual process of obliterative endarteritis.
Occlusion of the artery may occur at any time of the day, though, in most cases, it occurred in the early hours of the m&rning. The patient feels, at the time, no discomfort, headache or faintness, and it is most likely that even a small fall in blood-pressure will cause a diminished flow of blood through the retinal artery, collapse of the half-occluded vessel and ultimately, thrombosis aild permanent occlusion. Many of these patients had attacks of transient loss of sight, followed eventually by permanent blindness. In other cases, loss of sight in one eye was followed a few days later by full or partial recovery. On the basis of these clinical facts and the ophthalmoscopic observation of the frequent occurrence of angio-spasm in the diseased retinal arteries, we must also accept the possibility of active spasm of the diseased retinal vessel acting as the exciting cause of the temporary occlusion which is, in many cases, followed by thrombosis and permanent occlusion. The clinical history of three patients points to the fact that prolonged spasm without permanent occlusion will cause permanent damage to the retina, resulting irn total or partial blindness.
In a group of cases reported there was no ophthalmoscopic evidence of endarteritis of the retinal vessels. The absence of pathological changes in these arteries cannot be fully established, because, in many cases, vessels which show no opthalmoscopic evidence of disease have been found histologically to be affected with atheromatous changes. Bridgett reported in 1926 on the results of 200 consecutive necropsies performed in the Philadelphia General Hospital and Hospital of the University of Pennsylvania. Histological examinations were made of the optic nerve, with especial reference to the normal or pathological structure of the central artery of the retina. In 27 of his cases, previous careful opthalmoscopic observations by competent ophthalmologists established the fact that, in 17 cases, the visible retinal arteries were normal, and yet, at necropsy, histological examination revealed that only seven were normal. In the same group of 200 cases, Bridgett found that, in 22 instances, the vessel of one side only showed disease changes.
General health and prognosis as to life.-It is interesting to note that, in the majority of cases, the general health of the patient was in no way affected, and remained good in spite of occlusion of the central artery of the retina, and evidence of retinal arteriosclerosis. This fact bears out the modern clinical observations that arteriosclerosis has an irregular and patchy distribution.
Involvement of the retinal arteries does not in all cases indicate disease of the cerebral or coronary vessels. Bridgett, in his analysis, found that in the same number of cases sclerosis occurred in the aorta, coronary or cerebral arteries, but that only in 30% of cases were the central arteries of the retina also involved. Conversely, in about 18% of the patients with grossly normal aort8e, coronary, or cerebral vessels, sclerosis of the central arteries was found. It was also most instructive to find, in the present investigation, that, in the five young patients suffering from valvular disease of the heart, embolism of the central artery of the retina and subsequent occlusion occurred in the chronic stage of endocarditis. The patient felt quite well at the time, all are nlow alive and the heart is well compensated.
Many of the 54 patients with occlusion of the retinal arteries lived for very long periods after the onset of occlusion. One man is still alive twenty-one years since, though he had a cerebral thrombosis three years ago. Others lived for thirteen and nine years after sudden occlusion. Many are still alive five, four and three years since the onset.
A prognosis as regards life cannot be given in these cases of obliterative endarteritis of retinal arteries, with occlusion unless there is evidence of gross arterial disease of the coronary or cerebral vessels. Treatment of sudden occlusio.n.-In 1861, Graefe performed an iridectomy for a patient suffering from embolism of the central artery of the retina. In 1884, Priestley Smith advocated paracentesis for these patients. In 1882 and 1883, Wood White and von Mauthner pointed out the value of ocular massage in restoring vision to the affected eye.
With the acceptance by many ophthalmologists of the theory of active spasm of the artery causing sudden occlusion, amyl nitrite inhalations, nitroglycerine and, recently subconjunctival injections of acetylcholine have been suggested.
In cases of genuine active spasm, these remedies seem to have helped. One must, however, accept these cures with reservations, because in cases of transient blindness recovery follows spontaneously, and, during the past century, ophthalmologists have reported many cases in which the patient suddenly recovered his vision while the instruments were being got ready for the operation.
I wish to thank Mr. Arthur D. Griffith and Mr. Arnold Sorsby for their advice and criticism, and all the members of the staff of the Royal Eye Hospital for allowing me to publish the clinical notes of their cases and for their permission to show the patients at this meeting. SMITH, PRIESTLEY (1884) , " Reflex amblyopia and thrombosis of the retinal artery ", Ophth. rev., 3, 33. WAGENER and GIPNER (1927) , " Arterial spasm in production of occlusion of branches of central artery of the retina ", Am. J. Ophth., 10, 650. WATSON, V. S., and NETTLESHIP, E. (1875), " Embolism of the central artery of the retina; dissection of the eyeball ", Royal London Ophthalm. Hosp. Rep.
Discussion.-Mr. T. HARRISON BUTLER said that two or three years ago he had, as a patient, a master from a large public school, who had been liable, for thirty years, to evanescent attacks of blindness, their duration varying from twenty to fifteen minutes.
Latterly he had had temporary obfuscations of intellect, for example, while taking his class, so that for two or three seconds he " lost himself." Abadie, in his book, said he thought thrombosis was very rare, and that nearly all these conditions were due to spasm. There was much to be said in favour of that view, because if an artery was thromubosed he (the speaker) did not see how it could, in a short space of time, become efficient again. In cases of obstruction one watched the fundus, and after a day or two the circulation was seen to have become re-established, and it was possible to see blood columns pulsating to and fro in the arteries. Circulation was re-established even though the sight might not return. He had had another patient who, for twenty minutes, lost the sight of one eye and then sight returned; he did not know whether there had been any further attacks. Of the occurrence of emnbolism one could not doubt. He had had a patient, brought to the Eye Hospital ten minutes after he had lost his sight, and he (the speaker) saw an embolism at the bifurcation of the artery. He performed paracentesis and gave amyl nitrite. Shown at a meeting the same day, the patient said he could see normally. He (the speaker) could not then see anything but another observer found the embolus at the periphery of the retina. Spasm probably occurred more often than was generally supposed. It would account for cases such as he had described.
Sir JOHN PARSONS said that an optimistic paper had been written about acetylcholine by Orr and Young. He (Sir John) had tried it in one case, but the result was not very good. He would be glad to know whether it had been tried on many occasions by any members. The PRESIDENT said he had tried acetylcholine in one case, but without benefit. Mr. FRANK JULER said he thought that acetylcholine had been tried several times for this condition by house-surgeons at the Royal London Ophthalmic Hospital but, he believed, without any benefit.
Mr. F. T. RIDLEY said that one aspect of the subject was rare, namely, that the occlusion might follow a blow on the head. An apparently normal girl had a typical lesion of this kind following the severe bumping of her head on a telephone bracket. Compensation had been awarded in that case. He had found notes of another case, in which a man had received a glancing blow fromi a falling sack, but unconsciousness had not followed.
Mr. HUMPHREY NEAME said that paracentesis was worth trying in such a case, in spite of the possibility that the embolus might happen to shift of its own accord. He had a patient, over 60, who, six months before, had lost the sight of one eye. There was the same event in the other eye twenty-four hours before he came to the hospital. He (Mr. Neame) performed paracentesis, and vision returned, in fort,y-eight hours, to I It was possible that the time of operation coincided with the shifting of an embolus of itself.
Mr. RANSOM PICKARD said that in one case he had tried acetylcholine, and it did some good, as the field was partially restored. Obviously that drug would not be of use except in cases with distinct spasm, whether or not there was partial occlusion by clot or anything else. Spasm entered into the history of many cases, because on several occasions in some cases vision had disappeared and then reappeared. That was on all fours with what happened in the brain, when there were several attacks of temporary aphasia or temporary hemiplegia. Seeing they were such transient attacks they could only be accounted for by spasm. Spasm was probably a much more frequent factor than many imagined.
One type of loss of vision which had not been referred to was that intermittent loss in people who had atheroma of the retinal vessels, and whose biood-pressure was reduced because of the failure of the heart. Those people were very liable to have intermittent blindness. If in those cases one could restore the circulation, the sight also was restored. The failure of vision was often obviously pari passu with the failure in the circulation.
